Although salicylate was introduced eighty years ago in the treatment of rheumatic fever (1), the mechanism of its effect is still unknown. Speculation concerning the mode of action of salicylate and its congeners has run from considerations of one or another of the physico-chemical properties of phenolic acids to a supposed effect on the pituitary-adrenal axis (2-4). In a recent study of tissue interactions of certain salicylic acid derivatives, Helander attempted to demonstrate selective localization of sodium salicylate in connective tissue using fluorescence microscopy but was unable to do so (5). From his investigations he concluded that attachment of both a carboxyl-and an amino-group to the aromatic ring is necessary for connective tissue binding. These investigations did not include gentisic acid, a diphenol which takes on special importance because in the human subject as well as in animals an appreciable portion of administered salicylate (5 to 8 per cent) is oxidized and excreted as gentisate (6) (7) (8) .
Although salicylate was introduced eighty years ago in the treatment of rheumatic fever (1), the mechanism of its effect is still unknown. Speculation concerning the mode of action of salicylate and its congeners has run from considerations of one or another of the physico-chemical properties of phenolic acids to a supposed effect on the pituitary-adrenal axis (2) (3) (4) . In a recent study of tissue interactions of certain salicylic acid derivatives, Helander attempted to demonstrate selective localization of sodium salicylate in connective tissue using fluorescence microscopy but was unable to do so (5) . From his investigations he concluded that attachment of both a carboxyl-and an amino-group to the aromatic ring is necessary for connective tissue binding. These investigations did not include gentisic acid, a diphenol which takes on special importance because in the human subject as well as in animals an appreciable portion of administered salicylate (5 to 8 per cent) is oxidized and excreted as gentisate (6) (7) (8) .
Numerous workers (9) (10) (11) (12) have now confirmed the observation of (8) that gentisate has an antirheumatic effect entirely comparable to that of salicylate itself. The present report concerns the affinity of gentisic acid and its oxidation products for connective tissue, an experimental approach to the hypothesis that oxidation of the antirheumatic phenols is essential to their action.
METHODS
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venously and sacrificed at intervals. Dissection and observation were carried out in the near ultra-violet light (Hanovia Inspectolite, wave-length maximum 3,660 A). Equilibrium dialysis. The method used by Taggart (13) was employed, with the following modifications: Dialysis was carried out at 00 C., and tubes were inverted frequently rather than shaken constantly. Duplicate determinations were made, gentisic acid being added in one instance to the inside of the cellophane bag and in the second to the buffer on the outside. Equilibrium was attained in 24 hours. Buffer was 0.067 M sodium phosphate, pH 7.0 and 7.5, in 0.05 M NaCl, except when procollagen was tested. In this case acetate buffer pH 4.0 was used. Gentisic acid was determined by the method of Roseman and Dorfman (14) .
Tissue Extracts. Procollagen was prepared from rat tails by the method of Oriekwovitch (15 until no further increase in brown color occurred, as indicated by constant optical density. To 4.0 ml. of this solution was added 1) albumin content of 1.0 ml. of serum; 2) globulin obtained from 1.0 ml. of serum; 3) phosphate buffer. To 4.0 ml. of the oxidized gentisate was added 1) 1.0 ml. of serum; 2) 3.0 ml. of 7.0 per cent gelatin solution. All were then brought to 7.0 ml. with phosphate buffer. Five ml. of each of these combinations were placed in cellophane bags and dialyzed in the cold against frequent changes of phosphate buffer pH 7.5, 0.05 M, until all gentisic acid had been removed from the bag as shown by lack of fluorescence of the dialysate.
Paper electrophoresis. Separations were carried out using phosphate buffer pH 7.5, F/2 = 0.1, on Wnatman paper No. 3 in a lucite chamber, 12 to 15 volts per cm. paper, for a run of 3 to 4 hours. Papers were examined in daylight and in the ultra-violet.
RESULTS
The in vivo affinity of gentisate for connective tissues The distribution of gentisic acid following oral or intravenous administration has not been studied previously. In ultra-violet light, gentisic acid displays a striking bluish-white fluorescence so intense that detection of trace amounts is possible (19) . After intravenous injection into mice fluorescence of the connective tissues could readily be appreciated and was greatest in skin, tendons, bones, and cartilages (Figures 1 and 2 However, considerable binding of gentisic aci(d by both human and bovine serum albumin was found in molar ratios corresponding to those that mark the interaction of many pharmacologic agents. e.g., salicylate, with serum albumin (20) . At concentrations of free gentisate 10-3 molar, using 65,000 as molecular weight of albumin, about 3 moles of gentisate were bound per mole of albumin. Application of paper electrophoresis to the separation of oxidation products of gentisate Solutions of gentisic acid were subjected to electrophoresis on paper, both before and after oxidation in air. The findings were interpreted in terms of the appearance in visible and in ultraviolet light and after spraying with phenol reagents.
Fresh solutions of gentisate appeared to be electrophoretically homogeneous, showing a rapidly moving spot giving whitish fluorescence. After oxidation a more complex but remarkably characteristic and constant pattern could be seen, marked by five separate components. In the ultra-violet there were four discrete spots, viz., (a) a bright yellow spot which remained at the base line; (b) that-of gentisate itself; (c) a small orange spot ahead of (b); and (d) a yellow spot which moved fastest of all ( Figure 3) . All of these areas could be stained with ammoniacal silver nitrate. In daylight there could be appreciated only (e) a single brown spot which overlay the front of the gentisate area.
Electrophoresis was carried out on control solutions of gentisate which had been both oxidized in air and exhaustively dialyzed. Only the brown spot (e above) was detectable, i.e., only one of the components seemed to be non-dialyzable. It On the other hand, any appraisal of the chemical activity of gentisate must consider the ease with which it is oxidized and the reactivity of the oxidation products. It has been shown that oxidation products of gentisate can be separated electrophoretically into four distinct components and at least two of these appear to form complexes with proteins that are not readily dissociated in vitro.
It might be objected that these oxidation products are unlikely to form in vivo because of the poising action of the tissue elements. In this respect it is of interest to compare the oxidationreduction system of gentisic acid to that of homogentisic acid; the electrode potentials are comparable (21, 23) . In the ochronosis of alkaptonuria (24, 25) the blackness of the cartilages, sclerae, and tendons is ascribed to oxidation products of homogentisic acid (23) . In his original description of this disorder Virchow (25) (27) .
It is noteworthy that quinones of gentisic acid inhibit hyaluronidase (28) (29) (30) . This fact provides another suggestion that gentisic acid and its oxidation products may influence the metabolism of connective tissues. While direct evidence for the idea that oxidation of the phenols, perhaps to quinones, is important for their anti-inflammatory effect will be difficult to obtain yet the findings so far are consistent with this view, and it does appear that the affinity for connective tissue of gentisate and its oxidation products exceeds that of salicylate itself. SUMMARY 1. After intravenous injection gentisate is excreted rapidly and soon disappears from most organs except the skeletal connective tissues, in which it remains for a considerable time.
2. In vitro binding of gentisate by various proteins demonstrated an attachment to serum albumin in the molar ratios that characterize other cations of similar molecular size.
3. Oxidation products of gentisate can be separated electrophoretically into at least four distinct components. Some of these appear to be firmly bound not only by serum albumin but also by insoluble connective tissue proteins, e.g., collagen.
4. It is suggested that the mode of action of the antirheumatic phenols may involve their oxidation in sivo to quinones which interact with connective tissue, i.e., that there is an analogy to the metabolism of homogentisic acid in the alkaptonuric.
